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Facts Regarding the Hatfield Model's Preprocessing,
. Clustering and Loop Construction.

#4. The picture above displays the original polygon
convericd to a rectangle (the smaller rectangle with the
dashed line.) This has the area of the original polygon, and
the aspect ratio of the minimum bounding rectangle.

It is this smaller rectangle that actually enters the HAI
Model, and will be discussed below, (For ease of
cxposition, the following pictures omit the larger,
minimum bounding rectangle.)

We will refer to the smaller rectangle as the “reduced
rectangle”. s .
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Facts Regarding the Hatfield Model's Preprocessing,
. Clustering and Loop Construction.

#5. The HAI Model provides a user with the area of this
reduced rectangle, as well as the aspect ratio. From these
two pieces of information, it is straightforward to-calculate
~ the length of the rectangle’s sides (shown above as Side A
. and Side B).

For the remainder of this discussion, the distance of Side A
added to the distance of Side B will be referred to as the
height-ptus-width, measured in feet. This height-plus-
width mcasure can be thought of as one half the perimeter
of the rcduced rectangie. It is this measure that is used in
the following analysis.
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Facts Regarding the Hatfield Model (cont.)

#6. The HAT Model claims to build distribution cable to all
locations in a cluster. However, initial analysis of the actunal
locations used in Nevada indicates that the HAI Model falls far
short of building enough cable to connect all locations.

To measure the exact exteat of this underbuilding, it is
necessary to know actual point locations, in order to calculate the
amount of required distribution cable (which is simply the
shortest distance between all points).

‘To date, AT&T has not allowed these calculations to take place.
In lieu of this analysis, it is still possible to obtain an imperfect
measure (a grossly understated measure) of the degree to which
the HAT Model underbuilds distribution plant.

This measure will use the helght-plus-width, described earlier.
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Facts Regarding the Hatfield Model (count.)

#7, Simply stated, it is mathematically impossible for the
distance connecting all points in a cluster to be less than the
height-plus-width. (A detailed explanation of this fact follows in

an Appendix.)

Therefore, it is also impossible for the actual requu:ed. distribution
cable in any cluster to be less than the hcxght-plus—mdth

Any cluster for which the HAI Model produces an amount of
distribution cable that is less than the henght—plus—wxdm is a cluster
that the HAI Model underbuilds.

IMPORTANT: Height-plus-width does NOT reprmnt the
required amount of cable, It reprcsents a distance that is less
than the required amount of cable, Therefore, a cluster with a
distribution length greater than the height-plus-width distance is
not necessarily a cluster with sufficient distribution cable.
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Facts Regarding the Hatfield Model (cont.)

Above, and on the following pages, for illustrative

purposcs only, are examples of potential distribution

layouts. In every case, the amount of cable required to

connect all customers dramatically exceeds the height-
~ plus-width distance. | |

For exampic, in the picture abové the total height-plus-
width distance is less than 2.87 miles. ,

The distance connecting the points shown above (the sokid
lines) is over 4.25 miles.
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Facts Regarding the Hatfield Model (cont.)
‘ example, for illustrative purposes only

In the picture above the total height-plus-width distance is
less than 2.87 miles. '

The distance connecting the points shown above (the solid
lines) is over 5 miles.

10
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Facts Regarding the Hatfield Model (cont.)
~ example, for illustrative purposes only

In the picture above the total height—plus-width distance is
less than 2.87 miles.

" The distance connecting the points shown above (the solid
lines) 18 over 4.25 miles.

11




May-05-98 04:38F Frank Murphy . 781 344 6510

.25

Side A

In the tables that appear on the following pages, we list (by
company) a sample of some of the clusters for which the HAI
Medcl underbuilds distribution cable.

The tables are only samples, not a complete listing. For
example, the Nevada Bell table lists only 25 clusters, but our

apalysis discovered over 200 clusters in Nevada Bell rcgaon that
fell short. A

Only main clusters are listed, to avoid any potential confusion
caused by the treatment of outliers.

The tables list the total distxibution the model builds as well as the
height-plus-width distance.

Kecp in mind that the height-plus-width distance measure is itself
insufficient to connect all customers. So the cable shortages that
appear on the following tables actually understate the amnouat by
which HAI underbuilds.

12




P.26
May-05-98 04:39F Frank Murphy 781 344 6510 2

- ———

. SAMPLE OF NEVADA BELL MAIN
CLUSTERS WITII DISTRIBUTION UNDER
BUILT BY HAT 5.0
Noto: Sum of haighe vt widih i6 ons thm the norual ariaiarsm Fount of cabls necdod 10 aomnctT poiss
within O chastar,
WIRE  |CLUSTER| TOTAL | SUM ACTUAL MAIN
CENTER ; LINES | HWEIGHT CLUSYER
AND DISTRIBUTION
. WIDTH BUILT BY HAI
BTMTNVi1 |COD1S. 8l 27,060 — 9,189
BTMTNV1T  [CO18. 8 26 441
2 1 1 ss%
5 30,818] 0
10} 2,343 0
6{ 9, 1,982
51 12,981 6,31
3 10 411
gl | L%
5 13, % 1,
6l 18,141 4,251
14,643 2,567
[ 18,841 5
5 15,323
8 22181 2,239
8 17,712 )
11 27, 13,31
9 11,7 1,
11 19,7 8,198}
121 17,1 8 174
8 20.768%! Aej@
K 32,952 17,181
5 20,899 3,108}
2 27,885 18,117
8! 18,075 4,828

Iu total for Nevada Bell the 1IAI 5.0 mode! under builds distribution in 3% of the main
clustees in the 0 - 5 deasity range, and 35% of the main ciusters in the 6 ~ 100 density
range. Theso two deasity zones represent the vast majority of clusters for which
universal service funding is needed.
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' SAMPLE OF CTTIZENS MAIN CLUSTERS
WITH DISTRIBUTION UNDER BUTLT BY

HALS50
Noot: Sum of height wmd wicen (2 lags than the sotval niaitwun amoent of cabls a00ded to CoMATI pims
withue dvae clgsinr.
WIRE | CLUSTER | TOTAL | SUM | ACTUAL MAIN
CENTER LINES | HEIGHT CLUSTER
AND DISTRIBUTION
| _WIDTH | BUWLLTBY HA!
5,523 0
11 33 8,308
10 38,877, 9,579
s 1 650
5 19.74 o]
38 §,038
'8 11,018 - 221
7 27.9 4
10l 14,381 8,136
6 33 7,
S| 27,878 8,
7 33,4421 10,668
8| 3058 ﬁ N ]
6 26 6,51
i 31 7.
§ 28, 13
18 30,798 14,81
14] 21,40 8,191
18l 31 12,
6 8808 1,020
6 11,380 Lg
8 16,088 4,37
21 . 4,722
5 17, 5,
8| 23,745 8,288
‘°u
g asim 6 3
24,6071 79

Tn total for Cilixens the IIAI 5.0 model under builds diswribution in 78% of the main
clusters in the 0 - S density range, and 25% of the main clustars in the 6 ~ 100 density
range. These two density zoncs represent the vast majorily of clusters for which
universal service funding is nocded.
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'SAMPLE OF CONTEL MAIN CLUSTERS
. WITH DISTRIBUTION UNDER BUILT BY

- HALSO
Nowx su-ﬂhﬁgmuu-idhhi;nu-hmd inkmans asount of aubtie nodod W SONE paing
within tDe clester,
WIRE  [CLUSTER ]| TOTAL | SUM | ACTUAL MAIN
CENTER LINES [ HEIGHT CLUSTER
AND | ODISTRIBUTION
| WIDTH | BUILT BY HAl
GVASNVXE __[C001. 2 ao a 25,385
Q C008. 13,681
GVRSNVXE G2, T 7@ o
VY G003, 8 o]
JKVYNY y 22| T
NVXF M. 9 1ZL151 4
INVXF 1. 24 31,387 24,887
VXF_ |CO02. 21 34,390 27
N €008, s 15 t o7 7]
SMTH . 23 701 28.637|
MTHNVXE _|CO10. , 38 30,824
STLNNVXE o s 1,828
TPLKNVXA IGO0, ' 16,421 2811
Co01. 1117, 9,144
14|23 8404
VXA : 38 20,1 086
VRTNNVXA |C002. | 12| 10,37 1,
Y CO01. 24,7981 3
YHTNNVXA _[CO04. 1]__136 ]
NVXA : 18 1
YRINNVXA _|CO0S. " 71 a1
NVXA _|CO1S. 18] 13,7 4,873
Co14. 21l 31,737] 18,940

In total for Contel the RAIL 5.0 model under builds distribution in 59% of the main
clusters in the 0~ 5 density range, and 28% of the main clusters in the 6 ~ 100 density
range. These two density zones reproscnt the vast majority of clusters for which
unjiversal service funding is nocded.
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SAMPLE OF CENTEL MAIN CLUSTERS |
WITH DISTRIBUTION UNDER BUILT BY

HAIS.0
N Sem of height mul wichh is icae st (he actual mindawss 1mount of cibl nectied W canmott poies
within the shumer.
WIRE | CLUSTER| TOT | SUM ACTUAL MAIN
CENTER LINES | HEIGHT CLUSTER
f AND DISTRIBUTION
I WIDTH | BUILT BY HAI
NVXE 3 71 7.304) 156
JEANNVIXF 3 - 5,161 415
JEANNVXE _ [C00S. 12] 19,47 3
J VXF__ |COC4. 21,503] 8,871
g@'___um: 1C092. 20,443 8,1
EA 251 28,082 9,106
JEANNVXF . 27,534 10,078
J F_lC001. 14] 28 806] 10,4
JEANNVXE _ |CO%3. ol 27 16,63
[MTCHN CO1E. . AO7 eoa{
MTCHNVXE _ |C001 . 17,883 5234
. ‘ 8 14,125 6,001
MTCHNVXF A 9| 13,07 a: 1 w;i
MT co02. 8 1 8,40
2l C010. 10 18,741 7,901
CHNVXF _|CO18. 17,9 8,91
[MTCHNVXFE _|CO08. 11237 13,004
12| 27,587 14,784
71 23 31741&
711 o:eo:g_— 2,338
7110, 3,401]
14} 20,717 9,897
%M 1. 13] 35,069 12,498
SRCHNVXF _ [C010, 11[ 30,164 ‘ 15
SRCHNVXE |C009. 22[ 30,004 18,373

In to1a] for Ceatsl the HAI 5.0 model under butlds distribuiion in 78% of the main
clusters in the 0 — 5 dunsity range, and 28% of the main clusters in the 6 - 100 density
range. These two deasity zones represent the vast majority of clusiers for which
universal scrvice funding is aseded,
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Appendix: Why it is Mathesnatically
Impossible for the Distance Connecting All

Points in 2 Cluster to be E.ess thaa e
Tcight-Plus-Width of the Reduced Ractangle,

s
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Pigure A ' Figurc B

Figure C

Facts Regarding the Hatfield Model (cont.)
All main clusters must have 5 points (see HAI Documentation).

In Figure A, all poirss fall into direct line. By definition this
cluster has no area. Impossible to create convex hull.

In Figures B and C, it is possible to create polygons havmg
convex hull and area.

Although original polygons in Figurcs B and C will be identical,
minimum bounding rectangles will be dramatically different (see
following pages).

These two figures (B&C) will be used to illustrate fact that
height-plus-width of reduced rectangle can only be less than
minimum distance requircd to connect all points.

All other polygons can be viewed as variations of Figures B and
C.

14
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Facts Regarding the Hatfield Model (cont.)

" Area of both polygons is identical, approximately 0.71
square miles {where 1 inch = 1 mile).

Approximate Lengths of Sides (for future reference)-
- Side A: 2,06 miles (10,900 fect)

Side B: 0.69 miles (3,630 feet)

Side C: 2.19 miles (11,550 feet)

15
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Facts Regarding the Hatfield Model (cont.)

" Minimum bounding rectangles for each polygon are
dramatically different. Each will produce a different
aspect ratio, and a diffcrently shaped reduced rectangle.

- Recall, aspeet ratio is height over width. |
* Aspect Ratio of Figure B is approxiraately 1.
Aspect Ratio of Figure C is approximately 3.

16
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Facts Regarding the Hatfield Model (cont.)
(points removed for ease of exposition)

Picture above shows the corresponding reduced rectangle (heavier
lines) for each of the original polygons.

Each reduced rectangle has the same exact area, whxch is exactly
cqual to the area of the original polygon, 0.71 square miles.
However the distance figures “height-plus-width” can differ
significantly.

Figure B, the reduced rectangle that appears more square-like, has
height-pius-width distance of 1.68 miles.

Figure C, the more elongated figure, has a height-plus-width
distance of 1.94 miles.

This illustrates 2 basic tenet of geometry discussed on the -
following page...

17
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If two polygons have the same area, the measure of the
perimeter will be shortest for the polygon which most closely

approaches the shape of a square.

This ts illustrated above using three polygons with xdetmcal area
(9 squarc miles if 1 box = 1 square rnile). :

The figure on the far left has a perimeter distance of 12 ml!es-
The figure on the far right has a perimeter distance of 20 mijles.
The figure in the center has a perimeter distance of 14 miles.

Implicadons for the BAI Model:

Whenever the convex hull of an original cluster is converted to
the reduced rectangle (with identical area), it becomes
relatively more square-shaped. Consequently, the perimeter
measure decreases in every case. .

(8
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Facts Regarding the Hatfield Model (cont.)

In the figures above, the perimeter of reduced rectangic B is
lcss than the perimeter of reduced rectangle C. But the
perimeters of both reduced rectangles are less than the
perimeters of the original polygons (which are idenﬁcal).

The distance measure helght-plus-width represeats exactly one
half the pcrimeter of (any) reduced rectangle. By dcfinition and
the result above, this is less than one half the perimeter of the
original polygon.

19
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Implication of Hatfield Model Results:

Any main cluster in which the Total Distribution built fails
short of the distance of side A plus side B 1s a cinster in which
the model falls short of building a fonctioning, operable
network. Total Distribution is measured: [(Hatfield Distribution
Module, Calculations Workshect Cell BU minus Cell CQ (outher
road distance))

There is no exception to the rule that it is geometrically impossible
to connect the bounding points of any polygon with only one half
the distance of the periructer.

There is, however, one rare exception to the rule that the polygon
perimeter is reduced when it is converted to the reduced rectangle.
This occurs when the polygon is exactly the size and shape of the
minimum bounding rectangle. This is discussed below...

20
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Implication of Hatfield Model Results:

" There is one unique case, pictured above, where not only
the area but also the perimeter of the original polygon is
maintained: the case where the original polyzon isa

perfect rectangle {(or square.)

In this case, even though the perimeter is not reduced, the
distance height-plus-width is still massively insufficient
to connect all points in the cluster.

Therefore, any cluster at all in which the amount of

distribution built is less than the height-plus-width remains
an “underbuilt” cluster in the HAI Model.

21
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BCPM CUSTOMER LOCATION &
OUTSIDE PLANT DISTRIBUTION
DESIGN METHODOLOGY'

Overview

RCPM 1.1 integrates precise information regarding customer location with a
customer focation algorithm that establishes an optimal grid size bascd on an cfficient
network design.2 The optimal grid size is determinced by adhering to sound engineering
practices that reflcct forward Jooking, least cost tzchnology for providing basic service.
The algorithm establishes “ultimate grids” that are sized 1o comply with the technical
requircments of a Carricr Serving Area (CSA). Thus, BCPM 3.1°s customer location
algorithm selccts the appropriate granularity of analysis to assure that customers are
accurately located and moreover, that the cost outputs are represcatative of the network

design necessary to serve those customers.

BCPM 3.1’s customer location alyorithm uses housing and business line data at
the Census Block (CB) level combined with information regarding the road network to
more precisely locate customers. Utilizing all of this data, BCPM 3.1 models clusters of
customers where they are indeed clusiered and models sparsely populated areas where

customers are, in fact, dispersed.

Additionally, BCPM 3.1 uses wire center boundaries provided by Business
Location Research (BLR) inercases the accuracy in assigning customers to their actual

serving wire cenler.

' Selected excerpts from the Benchmark Cost Proxy Modcl Release 3.1 Model Mcthodology. Junuary 13,
1998 Edition , Developed by BellSouth, INDETEC International, Sprint and US West.

Z See “Joint Comments of BellSouth Corporation, BellSouth Telccommunications Inc., U § WEST Inc.,
and Spring Local Telephone Companies 10 Further Notice of Proposcd Rulemaking Sectians [11L.C. 17,
CC Docket 96-45 and CC Docket 97-160, filed Sept. 2, 1997,
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By overlaying wire centers with grids, BCPM 3.1 constructs a network that avoids
building to areas where people are unlikely to reside, concentrating instead, on roud miles

wherc peoplc are more likely to be located.

BCPM 3.1 recognizes that telcphone plant engineers do not typically build plant
on a customer by customer basis. Rather, they plan and build plant bascd on Carrier

Serving Areas (CSAs)? and Distribution Areas (DAs).

Ta accomplish this, BCPM 3.1 uses a reformulated geographic entity - the
dynamic grid which varies in size to ensure that the number of customers included in a
grid takes into account CSA guidelines. Furthermore, the maximum grid size is

constrained so that the limitations of copper distribution are not exceeded.

The customer location algorithm performs a series of reaggregation steps that
combine grids into various sizes, congistent with an eflicicnt network design. Each grid's
size, cost characteristics, and number of lines is integrally linked to telcphone engineering
CSAs and DAs. In addition, the construction of these grids takes into account the actual

road network to more accurately reflect the location of customers within a CB.

Proccss Description

I. Establish Wire Centcr Boundaries

3 A CSA encompasses Lhe entire dusign area potentially scrved from a particular digital Joop carrier (DLC)
site, including the fecder distribution interfuce, vertical and horizontal connecting cables, backbone
cable and branch cables,

[ ]

.05
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The first step in accurately cstablishing customer location is the specification of
the appropriate wire center boundaries. BCPM 3.1 relies on wire center data obtained
from BLR.

Il.  Locate Customers

The sccond step is to use the CB level of data that falls within the corresponding
wire center boundary. For the occasional CB that crosses a wire center boundary,
housing and business data is apportioned to the respective wire centcr based either on the

proportion of land arca, if the CB is less than 1/4 of a square mile, or the proportion of

roads, if the C'B is preater than 1/4 of a square mile.

ITI.  Establish Serving Areas

The final step is the creation ot the variable size grids from the CB data within the
wire center boundaries. The purpose of developing variable size grids is to simulate the
basic telcphone plant engincering units of a CSA and DA, This process entuils the

establishment of microgrids and the reaggregation of these microgrids into ultimate grids.

A, Establishing Microgrids

It is nccessary to establish microgrids so that populated areas can be aggregated
appropratcly into telephone engineering CSAs and DAs. There are two phascs of the
grid process. The first phase entails assigning CB data to microgrids. “Microgrid” refers
w the smallest grid size used in the grid process. A microgrid is 1/200™ of a degree
latitude and longitude. This corresponds to approximately 1,500 feet by 1,700 fect
latitude and longitude.® The entire serving wire center is partitioned into microgrids.
Thus, each CB within the serving wire center is overlayed with microgrids (unless the

entire CB falls within a single microgrid). Smaller CBs, typically located in the denser,

4 Due 10 the curvature of the earth, these dimensions vary depending on the latitude and longitude where
they are derived. These measurements are used only to give the reader a sensc ol relative size.
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urban areas, are aggregated into microgrids while larger CBs located in the rural areas

may span multiple microgrids.

Since household and business line data® are assigned at the CB level, this process
requircs apportioning CB line data to the corresponding microgrids. ['wo approaches arc
used o apportion this data to the microgrids, depending on the sizc of the CB. For CBs
whose arca is less thun 1/4 of a square mile, (2.640 feet by 2,640 fect), encompassing
approximately three to four microgrids, household and business line data is apportioned

based on the land area of the microgrid used relaiive to the CB’s total area.®

For CBs with an area greater than 1/4 of a square mile, houschold and business
linc data is apportioned based on relative road lengths usiny actua! road data obtained
from TIGLR/Line files [Topologically Integrated Geographic Fncoding and Referencing
from the US Census Burcau]. '[hat is to say, the line data is apportioned bascd on the
road length contained within a microgrid that traverses that C13, relative to the total road
length within that CB. Since roads are used to locate customers, certain roads where
customers are unlikely (o reside, have been excluded from the road data.” o illustrate
the apportionment of household and business line data to microgrids bascd on relative

road lengths, ussume that the total road length associated with a particular CB is 60 miles

3 Household data includes housing unit and household information from the Census Burean, Business ling
counts are obtained from PNR.

6 For a microgrid that is fully cncompassed by a CB, i.¢. 100% of the microgrid's arca is encompassed
within the CB, the area covered by that one microgrid is (1,500f. x 1,700 ft) = 2,550.000 sq. f. It
the total area of the CB is 5,100,000 sq. teet, then the fraction of !and area of the CB encompassed by
that micragrid is( 2,550,000sq 1. /5,100,000sq. ft.) - .5 of the area. Thus, 50% of the hauschold and
business line data is apportioned to that microgrid.

I only a portion of a microgrid is encompassed by the CB, ¢.g. 80 of the microgrid is encompassed
by the CB, then the area covered by that one microgrid is .8x(1,500fx1,700ft) - 2,040,000 sq. ft. If

the area of the CB is §,100,000sq. ft., then (2,040,000 sg. £./5,100,000 sq. {t.) =40 In this case, .4 or
2/5ths of the household and business line data is apportioned to the microgrid.

7 Roud data used in BCPM 3.1 exclude all limited access highway segments; all highway and road
scgments that are in a tunnel or in an underpass; vehicular “tratls” and roads passuble only by 4 wheel
drive velicles: highway access ramps; tecry crossings: pedestrian walkways and stalrways, alleys for
service vehicles; and driveways ard private roads.



